Photodynamic guanine modification by hematoporphyrin is specific for single-stranded DNA with singlet oxygen as a mediator.
Photodynamic modification of DNA by hematoporphyrin (Hp) was characterized by the DNA sequencing technique using 32P-labeled DNA fragments, and the reaction mechanism was investigated by ESR spectroscopy. Mild photodynamic treatment of single-stranded DNA with Hp induced an alteration of guanine residues, and subsequent treatment with piperidine led to chain cleavages at each guanine residue. On the other hand, methylene blue plus light modified the guanine residues in both single-stranded and double-stranded DNA. ESR studies using 2,2,6,6-tetramethylpiperidine and 2,2,6,6-tetramethyl-4-piperidone as singlet oxygen traps demonstrated that Hp plus light produced almost the same amount of singlet oxygen as methylene blue plus light and that the photochemically generated singlet oxygen reacts significantly with guanylate but only slightly with other mononucleotides. An ESR spin destruction method revealed that photoexcited Hp generated porphyrin radical, but guanylate did not react with this radical. These results indicate that photoexcited Hp reacts with oxygen to generate singlet oxygen which oxidizes the guanine residues of single-stranded DNA and that the difference in photoreactivities of DNA with Hp and methylene blue may be explained in terms of the structural difference in their intercalating abilities.